Abstract. Energy crisis and environmental pollution caused by conventional energy power generation make renewable energy such as wind energy and solar energy as new alternative energy sources. The complementarity of wind-solar hybrid generation technology will be the focus of future research. This paper briefly introduce the current situation of the development of wind-solar hybrid generation system, the principle and analysis method of low frequency oscillation in power system are summarized. Including modeling and simulation, system oscillation modes and damping characteristics, and improve the system damping characteristics control strategy, etc. This paper provide a reference for further study of the influence on the characteristics of low frequency oscillation in power grid.
Introduction
With the energy crisis and environmental degradation increasingly serious, renewable energy has been widely valued by countries all over the world. Especially the wind power generation and photovoltaic power generation has been rapidly development. And both of which are subject to seasonal and climatic factors. The change trend of them are basically in the contrary. The use of wind-solar hybrid generation approach can play a greater role [1] .
With the investment increasing of wind power and photovoltaic power generation, it has penetrated into all aspects of the power system, such as local voltage deviation, voltage flicker, frequency fluctuation, harmonic pollution and so on [2] .
In recent years, many scholars at home and abroad have studied the effects of wind power grid connected power generation and photovoltaic power generation system on power system [3] and its improvement strategy, large area system interconnection is achieved in China in 2001, stability has become the main factors affecting the operation of interconnected system, at the same time, highpermeability wind power and photovoltaic power generation have an obvious effect on interconnected system regional models, especially low-frequency oscillations, therefore, it is necessary to make a careful and systematic analysis on the influence of wind-solar hybrid generation on low-frequency oscillation characteristics of power system.
In the context of the above, this paper systematically reviews the research on the influence of wind-solar hybrid generation on the low-frequency oscillation characteristics of power systems, the characteristics of wind and solar hybrid generation system are introduced briefly. The principle and analysis method of low frequency oscillation in power system are summarized. This paper summarizes the domestic and international research on the influence of wind-solar hybrid generation system on the low-frequency oscillation characteristics of power grids. Including the modeling and simulation, the system oscillation mode and damping characteristics, the basic idea and control strategy of improving the damping characteristics of wind and solar hybrid generation system after grid-connected are put forward.
Wind-Solar Hybrid Generation System
Wind is a natural phenomenon on the earth, it is caused by the heat of the sun, the global wind energy is about 2.74 10 9 MW, in which the available wind energy is 2 10 7 MW, more than 10 times the amount of water that can be developed and utilized on earth, according to preliminary estimates, offshore wind energy resources in China is about 7.5 10 5 MW, our country can develop a total of wind energy resources is about 1 10 6 MW [4] , equivalent to about 2 times than the total power installed capacity in China. However, there is a problem of energy shortage and environmental pollution in the area with abundant wind energy resources. Therefore, it is an important measure to solve the shortage of resources and improve the environment by using wind power.
Wind Power System
Wind turbine is made up of nacelle, rotor blade, shaft, gear box, generator, yawing device and so on, wind power systems work by using wind turbines to convert wind energy into electrical energy [5] , and by controlling the inverter output AC voltage for the load power supply, wind generator system block diagram is shown in Figure 1 . ; v is upstream wind velocity, m/s; C p is wind energy utilization coefficient of wind turbine; ω r is wind wheel angle frequency; With the blade tip circumferential velocity and velocity ratio, λ is to measure the tip speed ratio, the definition is r = / R λ ω υ . n is speed of wind wheel, r/s; R is rotor blade radius.
According to the fixed pitch stall type fan and VSCF variable pitch wind turbine characteristics, at present, the machine is generally divided into two types of motor. The first type is the asynchronous generator, asynchronous generators are divided into cage type induction generator and winding type doubly fed asynchronous generator. The second kind is the synchronous generator, synchronous generator is divided into permanent magnet synchronous generator and electrically excited synchronous generator.
Select d-q two phase synchronous rotating coordinate system, the d axis is fixed in the direction of flux vector, the mathematical equations [6] of the doubly fed wind turbine in d-q coordinate system are as follows. 
Where, p is differential operator; u is Voltage; i is Electric current; ψ is flux linkage; R is resistance; L is Self-inductance; L 0 is Mutual inductance between stator and rotor; The subscript s and r are the stator side and rotor side variables respectively; The subscript d and q are the d axis and the q axis component in the synchronous rotating coordinate system. u ds and u qs are the stator voltage variables of q axis in the stator side voltage variable and rotating coordinate system of d axis respectively, u dr and u qr are the rotor voltage variables of q axis in the rotor side voltage variable and rotating coordinate system of d axis respectively; i ds and i qs are the stator current variables of q axis in the stator side current variable and rotating coordinate system of d axis respectively; i dr and i qr are the rotor current variables of q axis in the rotor side current variable and rotating coordinate system of d axis respectively; ω 1 and ω 2 are synchronous angular velocity and slip angle velocity of generator respectively, and meet ω 2 =ω r -ω 1 =sω 1 , ω r is rotor angular velocity of generator.
Photovoltaic System
Photovoltaic power generation is less restricted by Region, in addition, it has the characteristics of safety, reliability, no noise, low pollution, no need of fuel consumption and short construction period. If it could be independent power supply, it doesn't need to set up a transmission line. The structure of photovoltaic power generation system is shown in Figure 2 .
When light is constant, according to the solar energy output volt ampere characteristics and the internal structure, the photovoltaic current will not change with the working state of the PV array. Therefore, a circuit can be used to simulate the output characteristics of photovoltaic arrays. Figure  3 is the equivalent circuit of the photovoltaic array. Where, I ph is the current source current, I is output load current of PV array, U oc is open circuit voltage, R L external is load resistance, I D is dark current, and the working current flows through the solar cell board will cause the series loss of the array board. So it needs to be connected in series with a resistor R sh , the resistance is relatively small, Generally less than 1 ohm, in addition, due to the manufacturing process of the photovoltaic array of factors will produce tiny cracks, scratches, resulting in leakage, here the parallel R sh to equivalent, relative to series resistance, parallel resistance is generally in the thousands of Ohm.
According to the equivalent circuit of Figure 3 , based on Kirchhoff current law, the relationship between the port voltage U and current I L is obtained as 
When the photovoltaic array module works at the maximum power point, the R S can be obtained from the equation (3) .
For typical single crystal silicon, the model calculates the specific light intensity G, temperature T, load current I L , I-V characteristic curve of PV array.
Wind-Solar Hybrid System
Due to the wind and solar energy are highly complementary to each other, the wind-solar hybrid generation system makes up for the defects of wind power and photovoltaic independent system on resources. Wind-solar hybrid generation system can be divided into two categories, it is the conversion power systems to power after the related electrical equipment interface, power to meet the output requirements, the final power generation. The grid connected wind generator system with complementary use refers to the cluster configuration, to a certain extent, the operation of the wind farm is a large wind turbine, which is directly connected to the power grid. Similar to a small electric power plant, the high voltage direct current (DC) through the inverter output after the inverter to the grid, keep with the grid of the same frequency and phase of sinusoidal alternating current, the grid connected photovoltaic complementary power generation system block diagram is shown in Figure 4 . 
Low Frequency Oscillation of Power System
The research of low frequency oscillation in power system is related to the analysis method. At present, the most commonly used methods for the research and analysis of low frequency oscillations are divided into two categories: The first kind is based on the mathematical model analysis method, the second kind is based on the measured signal analysis method. Eigenvalue method, time domain simulation method, torque analysis method, modal series method, and analysis method based on bifurcation theory are of the first kind. Prony analysis, based on the method of the total least squares rotation invariant technique, regression analysis method, fourier method and so on are second kinds of analytical methods.
Eigenvalue Analysis Method
Eigenvalue analysis is a mature method to study the stability problem of power system small disturbance, there are two kinds of methods of eigenvalue and partial eigenvalue. Eigenvalue analysis is the most widely used method in small disturbance stability analysis, its theoretical basis is linear system theory and Lyapunov's first law, the state space method is used to describe the linearized power system model, which is called the general linear system. Then the eigenvalues and eigenvectors of the state matrix are obtained. Then the Qualitative and quantitative information describing the stability of the system is given, such as the oscillation frequency, the damping ratio, the influence factor and the corresponding strong correlation state variable.
Time Domain Simulation Method
Time domain simulation method is one of the important tools for stability analysis of power system transient stability, small disturbance stability and voltage stability, it is mainly through the numerical calculation method to solve the complete system of differential algebraic equations. The method can simulate the specific process of each variable's change with time after the system is disturbed. The equivalent simplified model of large area power network is built by the real time digital simulation system in [13] , using digital simulation system to analyze and compare the common low frequency oscillation fault in power system. Get the law, to further study and inhibit the national network may be accompanied by low-frequency oscillation.
Bifurcation Theory Analysis Method
Bifurcation theory combined with high order polynomial using characteristic value, using mathematical space structure to analyze the stability of the system, analyzing the change of the topology of the system itself and the change of the stability of the system. The system is bifurcated to periodic orbits from equilibrium at the bifurcation point, stability of bifurcation direction and periodic orbits can be judged on cross section condition and curve coefficient, stable periodic orbits corresponds equiamplitude nonlinear oscillation, and unstable periodic orbits corresponds increasing nonlinear oscillation.
Prony Analysis Method
Prony algorithm is a system oscillation characteristic identification method based on dynamic response curve. The original sampling signal is described by a power function linear combination of different weighting factors. We can analyze the recorded wave curve of the actual field on line, by analyzing the characteristic of the curve, it is possible to get the important information such as the oscillation mode and damping coefficient of the system.
Influence of Wind and Solar Hybrid Generation System on Low Frequency Oscillation of Power System

Modeling and Simulation
Based on Power Systems Computer Aided Design simulation software, the full order electromagnetic simulation model of doubly fed induction generator is established in [7] . astochastic analysis model of wind power generation is constructed in [8] , the effects of wind and solar hybrid generation system and the single wind power generation system on voltage are analyzed and compared.
A dynamic analysis model of large-scale grid connected wind and solar hybrid generation system is established in [9] , in order to solve the problems with system scheduling caused by the random factors such as wind and solar, research on economic dispatch model of power system with wind power generation and photovoltaic power generation is established in [10] .
Based on modeling of wind turbine and photovoltaic power generation unit, simulation research on fault characteristics of wind and solar hybrid generation system based on combination model in [11] , a detailed simulation model of large-scale grid connected wind and solar hybrid generation system is established.
Influence of Wind and Solar Hybrid Generation System on the Oscillation Characteristics and Stability of Power Grid
The characteristic value analysis and dynamic time domain simulation are used to compare the effects of different types of units on small disturbance stability and transient stability of power system in [12] , dynamic mathematical model based on doubly fed wind generator. The influence of large scale wind farm integration on power system transient stability is studied by simulation in [13] , it is concluded that the influence of wind farm on power system transient stability is better than that of synchronous generator set with the same capacity at the same access point. The WSCC 3 machine 9 node power system as the object in [14] , the results show that the reasonable control of doubly fed induction generator and the reasonable design of the parameters of the voltage control of doubly fed induction generator, it helps to improve damping characteristics, a IEEE30 node system with doubly fed induction generator is set up in PSD-BPA in [15] . By using characteristic value analysis method, the influence of the doubly fed wind turbine generator on the damping characteristics of power system under different wind power penetration is studied in detail.
Study on the influence of photovoltaic permeability on the static stability, small disturbance stability and transient stability of interconnected power transmission networks in [16] , in view of the large-scale photovoltaic centralized access, from the voltage, power angle and frequency, include so many aspects in [17] , the influence of large scale photovoltaic power grid on power system stability is analyzed.
The reliability analysis of distribution network based on the minimum path method for the hybrid power generation system with wind and solar energy in [18] , from two aspects of static voltage stability and transient voltage stability analysis of power system complementary scenery influence on power system stability in [19] , the impact of grid dispatching, a scheduling strategy for grid connected wind and solar hybrid power generation is proposed in [20] , wind and solar hybrid generation system connect to grid can stabilize the output fluctuation of wind power, improve the rate of grid-connected wind and solar hybrid generation system.
Research on the Control Measures of Improving Grid Connected Stability of Wind and Solar Hybrid Generation System
A new control method for additional damping of doubly fed wind power generator is presented in [22] , additional damping control strategy is designed to improve the mechanical and electrical damping of large scale wind farm electric. The energy storage function of the wind turbine is constructed based on the energy conservation method in [23] , to improve the dynamic characteristics of power system based on synchronous machine. Doubly fed induction motor slip is used as the input signal in [24] , using the characteristic value method and time domain simulation method, the simulation system is analyzed, it shows that as the increasing of PSS control, the purpose of improving the damping of power system can be achieved to a certain extent. The effect of DFIG on power system damping is analyzed, and an example is also given in [25] , the phase and amplitude of the frequency power dynamic characteristic of DFIG are affected by the regulator parameters. Doubly fed induction generator (DFIG) has different damping characteristics under different control parameters. By comparison of the tip speed ratio control algorithm, power signal feedback algorithm, climbing search algorithm analysis in [21] , the maximum power acquisition algorithm is designed to ensure that the wind power system is always maintained at the Optimal point near work.
A control strategy is proposed for the photovoltaic power generation system in [26] , seamless switching between two operating modes of the solar photovoltaic power generation system in independent operation and grid connected operation. In view of this kind of present situation, one kind of energy storage type photovoltaic power generation grid connected system is proposed in [27] , in order to suppress the power fluctuation of grid connected photovoltaic power generation. The system can achieve maximum power tracking and grid connected power generation. For grid connected photovoltaic system, a scheme of controllable output power is proposed in [28] , Control the output power of photovoltaic grid connected, so that the photovoltaic grid connected current fluctuation is small, reduce the impact of environmental fluctuations on the grid.
Because of the wind and solar instability, the bidirectional DC / buck converter is used as the power balance control of the DC voltage between the battery and the solar and wind power output terminals in [29] , in order to achieve the optimal charge and discharge. The control model of hybrid energy storage system is established in [30] , the experimental results show that the power and load power pulse, battery can work in the optimal state of the charge and discharge. And the battery capacity allocation method of wind-solar complementary grid-connection is regularized and classified in [31] , the minimum capacity method, minimum cost method considering load shedding, the minimum capacity of load outage rate based on the specific combination of the actual needs of users to set.
Conclusion
With the increasing of energy crisis and environmental pollution problems, the global focus of attention tends to sustainable development of new energy power generation. Wind energy and solar energy as a clean, safe, rich in renewable energy, it has very good complementary characteristics in resource condition and technical application. So the scenery complementary power generation is a kind of economical and reasonable power supply mode. The research of wind-solar hybrid generation system technology is deepening, more and more wind power and photovoltaic power are accessed into the grid, the effect of high permeability and wind and solar hybrid generation system on power system low frequency oscillation mode is obvious. In this paper, the effects of wind and solar hybrid generation system on the characteristics of low frequency oscillation in power grid are summarized. The study provides references for the analysis and control of grid connected windsolar hybrid generation system.
